Introduction
The importance of a better understanding of arrhythmic risk lies, in public health terms, in the prevention of sudden cardiac death. Approximately 50% of all coronary deaths are sudden, occurring within 1 h of the onset of symptoms [1] . Most cases of sudden cardiac death have coronary artery disease present at autopsy [2, 3] , although in approximately 50% this will not have been clinically apparent prior to death [4] . Sudden cardiac death is most often due to ventricular fibrillation and cardiac autonomic function may play an important role in setting the arrhythmic threshold [5, 6] . Figure 1 illustrates this simple model of arrhythmic risk and gives the structure for this review.
Sudden cardiac death is not, however, distributed equally in society. In one study of 1608 cases of sudden cardiac death, the age-adjusted rates of sudden cardiac death were higher among those with less education, an effect which was stronger than for people dying of non-sudden cardiac death [1] . Educational level and other markers of social position, such as occupation and income, consistently show inverse associations with the incidence of cardiovascular disease [7] . Social status may influence coronary risk via the behavioural risk factors of smoking, exercise and diet. However, the finding that social position gradients in heart disease are observed among non-smokers and are independent of the classical risk factors of cholesterol and blood pressure [8] suggests
another possibility, that aspects of the psychosocial environment related to social position may be involved [9] . Recently reviewed evidence from prospective epidemiological studies [10] , supported by non-human primate data [11] , suggests that psychosocial factors -such as anxiety, depression, hostility/Type A behaviour, social supports and work characteristics -may play a direct causal role in coronary heart disease. These studies mostly relate a single questionnaire measurement of a psychosocial factor to incident coronary events many years later. Such measurements may reflect chronic exposure to an adverse psychosocial environment which is relatively stable over time. The risk observed in these studies tends to be distributed in a dose-response fashion and is not confined to the extremes of the distribution. Since sudden cardiac death is a common mode of coronary death, such assessments of psychosocial factors may predict sudden cardiac death simply because they predict atherothrombotic disease of coronary arteries.
Acute psychosocial stressors -defined as events producing demands likely to tax or exceed an individual's adaptive responses over minutes, hours and daysmay, in addition, represent more proximate 'triggers' of sudden cardiac events. Such acute psychosocial stressors may trigger ischaemia or infarction [12] in the setting of coronary disease. Whilst laboratory-based measures of acute psychological stress have been extensively studied the challenge lies in determining the effects of real life acute stressors.
Determining the causality of putative psychosocial factors in arrhythmic risk may yield important insights into the pathogenesis of arrhythmic risk itself, mechanisms by which psychosocial factors might cause coronary heart disease (in which electrophysiological pathways are one of a number under consideration) and, ultimately, strategies for prevention of sudden cardiac death. As numerous reviews demonstrate, the clinical and biological plausibility for social and psychosocial factors being associated with arrhythmic risk is not at issue. The question lies in the quality and consistency of the totality of evidence that psychosocial factors play a causal role. Given the possibility that both chronic and acute psychosocial stressors affect arrhythmic risk, the evidence for a causal association has to be considered across a range of study designs. In prospective studies of psychosocial factors and sudden cardiac death, distinguishing acute from chronic effects may not be possible.
Pharmacological intervention may plausibly influence the associations in Fig. 1 . However there are few studies examining the extent to which social position or psychosocial factors influence aspects of drug prescribing, compliance or pharmacological action. Previous reviews of this area have not been systematic in the identification of literature for review, the method of describing individual study results or in the method of summarizing findings from diverse types of study. For these reasons, gaps in current understanding are not clearly defined and non-contributory studies continue to be published. It was the objective of this review therefore to determine the strength and consistency of evidence for associations between social and psychosocial factors and sudden cardiac death, ventricular arrhythmia and cardiac autonomic function. The structure of this review (outlined in Fig. 1 ) is based on each of the measured outcomes: sudden cardiac death, ventricular arrhythmia and cardiac autonomic function.
It is important to recognize that this review is limited to published studies; since publication is more likely for positive than negative findings there is a potential bias of overstating the importance of the observed associations. The potential influence of pharmacological intervention on the association between social position or psychosocial factors and arrhythmic risk, seldom the subject of primary research, was considered outside the scope of this review.
Method
Identification of relevant articles in English language peer-reviewed journals was carried out using PubMed from 1970-1999 (www.ncbi.nlm.nih.gov/PubMed). As well as using MESH headings (psychosocial, social, sudden death, ANS and arrhythmia) articles were also identified by searching on any author who had contributed one relevant article and by using the artificial intelligence 'Related Articles' function in PubMed. The bibliographies of all retrieved articles were hand searched for further relevant articles. Each study was categorized as positive if one or more measure of social position or psychosocial factors showed a significant (P<0·05) association with sudden cardiac death, ventricular arrhythmia or cardiac autonomic function. A positive study is denoted by a + in the last column of Tables 1-7. In the absence of any previous systematic review in this area, a relaxed definition of a positive study was deliberately chosen, and no study was excluded on the grounds of methodological quality.
Animal studies
Animal studies, unlike human studies, offer the important advantages of direct study of arrhythmia precipitation; manipulation of psychosocial stressors which are observable, and not relying on language based selfreports which have a potential for bias. However, in animals and humans ventricular fibrillation and sudden death remain rare events and most animal models have therefore concentrated on proxies, such as the threshold for repetitive ventricular activity. 12/12 of the identified studies (Table 1) were positive and all examined acute psychosocial stressors. Taken as a whole, these studies provide important evidence for a model of sudden cardiac death causation in which central and autonomic (sympathetic and parasympathetic) nervous system influences on ventricular arrhythmias are mediated by environmental, presumed psychosocial, stressors. Studies in pigs with coronary occlusion in an unfamiliar laboratory setting found that latency to ventricular fibrillation was lengthened by adaptation, beta-blockade or blockade of frontal cortical brain stem pathways [13, 14] . A study of male rats faced with aggressive lactating female rats found that 12/12 rats developed ventricular tachycardia, preceded by periods of low R-R variability (using telemetrically recorded ECGs).
There is an important role for further animal work, particularly when observations are made in the natural environment, for example using telemetrically recorded ECGs, and social factors which are real life (such as dominance) or long term can be studied. For example, Eisermann [15] studied rabbits in a semi-natural environment and found that a measure of social position (dominance) was associated with radiotelemetric heart rate recordings over 1500 days; subordinate rabbits had chronically elevated heart rate not explained by limited [26] 68 ( Source of psychosocial data was next of kin interviews, except where psychosocial factor was inferred.
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Table 3 Social position and psychosocial factors: associations with sudden cardiac death in prospective studies in healthy populations
Author, year 
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access to burrow shelter. Similar findings have been made in squirrel monkeys [16] , macaques and baboons [17] and tree shrews [18] .
Sudden cardiac death
Death occurring within 1 h of the onset of symptoms, in the absence of a non-cardiac cause may be termed 'sudden cardiac death'. Compared with non-sudden cardiac death, sudden cardiac death is less frequently associated with acute coronary thrombosis, plaque rupture or acute myocardial infarction [2] . This observation has stimulated enquiry into differences in the risk factors for acute myocardial infarction and sudden cardiac death and supports the importance of electrical events which leave no post-mortem clues.
Methodological issues
There are major methodological challenges facing studies of sudden cardiac death. Definition of sudden cardiac death remains problematic. More recent studies have termed death sudden which is less than 1 h from the onset of symptoms, but earlier studies included deaths up to 24 h from symptom onset. Since up to one third of sudden unexplained deaths have a non-cardiac cause revealed at autopsy (such as cerebral haemorrhage or pulmonary embolus [2] ) studies without autopsy confirmation of presumed cardiac cause are subject to considerable misclassification, which will tend to bias results to the null. Despite the assumption that sudden cardiac death is arrhythmic in origin, none of the identified studies directly measured arrhythmias. The largest number of sudden cardiac death events in prospective studies was 98 [19] and some were considerably smaller, leading to wide confidence intervals [20, 21] and the possibility of Type II error. Studies of sudden cardiac death share a bias of differing access to community resuscitation. Retrospective studies, in seeking to determine the recent antecedents of sudden cardiac death, are subject to recall bias, since next of kin may give differing accounts from the decedent and may offer more explanation for a sudden than a non-sudden death. Conversely, prospective studies are not subject to recall bias but, with long periods of follow-up, are able to examine the effects only of chronic measures of psychosocial stress. Table 2) 15/15 identified retrospective studies of sudden cardiac death were positive. Cebelin studied the autopsies of 497 homicide victims in which 15 had no internal injuries or blood loss to explain death [22] . Among 10 of these 15 there was myofibrillar degeneration, which was not present among 15 people who had been killed in road traffic accidents. The authors inferred that this was consistent with the fear of imminent injury in the assault (absent in the road traffic accidents) leading to a catecholamine induced stress cardiomyopathy and sudden cardiac death. Talbott et al. [23] compared 80 female cases of sudden cardiac death with live age-, race-and sexmatched neighbourhood controls and found an excess of psychiatric history and death of a significant other among the cases. Community wide stressors offer the opportunity to study the impact on sudden cardiac death in the absence of next of kin questionnaires, thus removing the potential for recall bias, but raising the problem of ecological fallacy, since the psychosocial stressor for the individual who died is inferred not measured. Increases in the number of cases of sudden cardiac death on the day of an earthquake [24] or during the threat of missile attack [25, 26] have been reported.
Retrospective and post-mortem studies (
Prospective studies in healthy populations (Table 3)
Distinguishing psychosocial effects on sudden cardiac death in patients with established coronary disease separately from healthy populations is important. If effects are seen in healthy populations where prolonged periods of follow-up are required to accrue sufficient events, then this argues against psychosocial factors acting purely as triggers. Of all the cardiovascular disease cohort studies, only a proportion has incorporated psychosocial questionnaires in their risk factor measurements, and only a proportion of the latter studies have obtained data on the suddenness of cardiac death. The effect of psychosocial factors on total cardiac death separately in healthy and patient populations has been systematically reviewed [10] . Since approximately 50% of cardiac deaths are sudden it is likely that psychosocial factors will, in addition, predict sudden cardiac death. 5/6 identified studies were positive. No prospective studies of sudden cardiac death in women were identified. The two studies by Kawachi et al. are particularly important. Anxiety measured in men in the Health Professionals study [20] and in the Normative Aging Study [20] using two different validated instruments was associated with sudden cardiac death. Although the number of sudden cardiac death events was small, the effects were large, specific for sudden cardiac death, independent of other risk factors and demonstrated dose response effects.
The chronobiology of sudden cardiac death has been interpreted as being consistent with a psychosocial mechanism. Thus some [27] but not all [28] studies find a Monday excess of sudden cardiac death, consistent with the threat of returning to a stressful work environment. Sudden cardiac death and non-fatal myocardial infarction show a marked circadian rhythm, being more common in the morning. This circadian rhythm may be masked by treatment with beta-blockers suggesting that the morning excess may be mediated by the sympathetic nervous system [29] .
Prospective studies in coronary heart disease patient populations (Table 4) 5/6 identified studies were positive. All studies were in post myocardial infarction populations, rather than other patient groups at high risk of sudden cardiac death (e.g. patients resuscitated from near sudden death, undergoing electrophysiological studies or with implantable defibrillators). All the studies made assessments of chronic psychosocial factors; there were no diary studies with prospective records of a patient's acute and chronic psychosocial state. Ruberman found effects of low education and low social supports on sudden cardiac death in a post myocardial infarction population, although in a retrospective study none of the four factors identified on interview with the patient's wife accounted for the education differences in survival. Brackett and Powell 1988 [30] examined 1012 post myocardial infarction survivors in the Recurrent Coronary Prevention Project and found an effect for Type A and other psychosocial factors on sudden cardiac death but not non-sudden cardiac death.
Ventricular arrhythmia
Ventricular arrhythmias are important because they are the most common proximate cause of sudden cardiac death; they are electrical 'accidents' which with appropriate treatment may be terminated and the risk of recurrence lowered. The morbidity associated with nonfatal ventricular arrhythmias is also considerable. Better understanding of the role of psychosocial factors in the ventricular arrhythmias may therefore offer insights into prevention and treatment.
Methodological issues
Because of the rarity and seriousness of ventricular tachycardia or ventricular fibrillation many studies use proxy measures of arrhythmic risk, such as ventricular premature beats or QT interval. Whilst this may offer advantages in terms of statistical power and practicability, negative results [31] may simply question the adequacy of the proxy rather than test the psychosocialarrhythmia hypothesis. There is a lack of populationbased studies and (in common with sudden cardiac death studies) there is a lack of studies examining real life acute psychosocial stressors measured in patient populations (0/21 studies) using prospective designs.
QT interval (Table 5) 4/4 identified studies were positive. Prolongation of the QT interval has been shown in prospective cohort studies to predict coronary heart disease mortality and sudden cardiac death in healthy populations. In the rare, genetic 'Long QT Syndrome' ventricular arrhythmias are common and lead to premature death; among 328 families, acute emotional stress is reported as the most common single precipitant of syncope or arrhythmia. Toivonen et al. found, among 30 healthy physicians subjected to the naturalistic acute stressor of an emergency call waking them from sleep, that the QT interval was between 59-67 ms longer than under equivalent heart rates during stable conditions [32] . Ventricular premature beats (Table 5) 10/12 identified studies were positive but the negative studies are important. In one of the few prospective studies designed to test the psychosocial-arrhythmia hypothesis, Follick et al. found no associations between a battery of carefully measured psychosocial factors (including depression, anxiety, Type A, anger) measured in state and trait form and ventricular premature beats on 24 h ECG carried out at 3, 6 and 12 month followup [31] . One of the reasons for this may lie in the highly selected nature of the population; all participants were myocardial infarction survivors with ventricular arrhythmias and in such a setting psychosocial factors may not further predict risk. However, the one populationbased study, among healthy civil servants, found no evidence that ventricular premature beats were related to socioeconomic status [33] . Thus the marker of ventricular arrhythmia, ventricular premature beats, may not be an appropriate proxy for ventricular arrhythmia. (Table 5) 10/11 identified studies were positive. Reich et al. found that 25/117 patients referred for antiarrhythmic management were experiencing acute emotional disturbances during the 24 h preceding the arrhythmias. Eighteen had two or more episodes associated with psychological disturbances. The 25 patients were distinguished from the rest of the series in having generally less severe structural heart disease [34] . Brodsky et al. [35] selected six patients with life-threatening ventricular tachyarrhythmia without underlying structural heart disease. Five of these six patients experienced marked psychological stress. Each of these five patients had recurrent rapid monomorphic ventricular tachycardia related to changes in tone of the sympathetic nervous system. Kennedy et al. [36] prospectively examined 88 patients undergoing programmed electrical stimulation for the diagnosis and treatment of supraventricular and ventricular tachyarrhythmias or syncope of unknown origin. Whilst depression and cognitive impairment were related to mortality they were not related to arrhythmia severity or treatment efficacy.
Ventricular tachycardia and ventricular fibrillation
Cardiac autonomic function
Cardiac autonomic function is one of the most important predictors of sudden cardiac death and serious ventricular arrhythmia in patients with myocardial infarction [37, 38] . But what in turn sets cardiac autonomic tone? One possibility is that social and psychosocial phenomena play an important role. The autonomic nervous system has for decades [39] been considered a key putative pathway linking psychosocial to pathological processes. Social and psychosocial factors related to tonic and reflex sympathetic:parasympathetic balance may affect arrhythmic risk directly by lowering the threshold for ventricular arrhythmia or indirectly by causing atherothrombotic disease in the coronary arteries (see Fig. 1 ). Autonomic function is implicated in coronary heart disease aetiology via effects on the endothelium and platelet adhesiveness and on the risk factors which cluster together in the metabolic syndrome PNN50=percentage of all differences in R-R intervals 50 ms; RMSSDr=root mean square of successive differences during deep respiration; RMSSDr=root mean square of successive differences while resting; RSA=respiratory sinus arrhythmia; SDC=standard deviation of R-R intervals corrected for heart rate; SDNN=standard deviation of the normal R-R intervals.
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(systolic blood pressure, HDL, triglycerides, glucose and waist hip ratio) [40] . Social position may be related to features of the metabolic syndrome [41] . The central nervous system is involved both in the conscious experience of psychosocial stressors and in mediating arrhythmic threshold.
Heart rate, a crude marker of autonomic function, is an independent predictor of coronary heart disease events and is higher in those with low socioeconomic status [42] or weak social support at work [43] . Heart rate variability measured in short (5 min) or long (24 h) electrocardiographic recordings offers potential advantages over simple measurements of heart rate at rest or in response to a laboratory stressor. Power spectral analysis of heart rate variability gives a valid measure of cardiac autonomic function, with the high frequency power a measure of parasympathetic tone and the low frequency power a measure of parasympathetic:sympathetic balance. Heart rate variability is clinically relevant, predicting prognosis post-myocardial infarction [44] , coronary heart disease aetiology [45] , all-cause mortality [46] , and ventricular tachycardia [38] . The 'reactivity' of heart rate and blood pressure to psychosocial stress is outside the scope of this review because these measures have less clear relations with arrhythmic risk, do not measure vagal influences and until recently at least, were not used in the study of real life psychosocial stressors.
Methodological issues
There was an important lack of standardized [47] measurement protocols and complete reporting of heart rate variability measures. Only five studies had more than 100 participants. Only two studies were population-based and the remainder gave sparse details of the means of selection of their patients. There is thus a serious potential for selection bias. There was a lack of studies examining psychosocial stressors in a continuous or dose-response fashion, the majority treating the psychosocial factor as a qualitative (present or absent) variable. No studies were identified which considered acute real life stressors applicable to a general population. Although there were seven studies which examined heart rate variability over a 24 h period during 'normal daily activities' none of these reported psychosocial stressors within these, using diary or other methods. None of the four studies in patients with coronary artery disease included measures of sympathetic:parasympathetic balance. (Table 6) 16/18 identified studies were positive. Both of the negative studies involved aspects of the psychosocial work environment [48, 49] . The study by Kawachi is particularly important, being one of the few population-based studies analysing a continuously distributed anxiety score. It found an inverse linear relationship with heart rate variability; for Crown Crisp scores 0-1 (low anxiety), 2, 3, d4, the standard deviation of normal -normal R-R intervals (SDNN, a measure of parasympathetic activity) was respectively 3·54, 3·37, 3·35, 3·11 after adjustment for age, heart rate and body mass index. De Meersman et al. [50] examined the effects of a real life stressor -research students giving a presentation in the setting of a (critical) audience and without an audience. There was lower low frequency and higher high frequency in the no audience recordings. Among the only population-based study of healthy women, Horsten found that social isolation and inability to relieve anger by talking to others were associated with low heart rate variability [51] . In the ARIC study there was an association between low educational attainment and low heart rate variability [45] .
Cardiac autonomic function in healthy samples
Cardiac autonomic function in patients with psychiatric or coronary disease (Table 7) 11/12 identified studies were positive. 7/12 studies examined anxiety/panic disorder and a mixed pattern emerged with some studies finding reduced low frequency, increased low frequency, or reduced high frequency. 8/12 studies examined depression; four of these were among patients with coronary artery disease and all showed higher depression to be associated with lower SDNN or other vagally mediated measures. Baroreflex control of heart rate reflects largely reflex control of heart rate, rather than the tonic vagal activity reflected in heart rate variability. Non-invasive measurements of Baroreflex control among 56 men and women with major depression showed that state anxiety (measured using the Spielberger scale) was negatively correlated with levels of Baroreflex control (r= 0·32, P<0·05), whereas depression severity was not related to either respiratory sinus arrhythmia or Baroreflex control [52] . Amongst 66 patients with coronary artery disease, high scores on the Beck Depression Inventory were associated with lower age-adjusted baroreflex sensitivity compared with low depressive symptomatology (4·5 2·7 vs 6·5 2·8 ms/ mmHg) [53] .
Summary of strength and consistency of evidence
Overall, 88/96 (92%) of identified published studies investigating social and psychosocial aspects of arrhythmic risk were positive. This remarkable consistency across different populations and study designs, lends cautious support to a causal association.
Future research
Given the public health and clinical importance of the association between psychosocial factors and arrhythmic risk, further research is required to reconcile important negative findings and address methodological limitations of existing studies and the possibility of publication bias. Complementary studies of populations at low and high risk of arrhythmic events are required. Investigation of social and psychosocial factors in high risk groups -such as patients resuscitated from near
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sudden death, undergoing electrophysiological studies or with implantable defibrillators -has two main advantages. First, it provides an opportunity of accruing sufficient numbers of arrhythmic events. Second, it allows examination of real life acute psychosocial stressors (for example using diary methods) alongside chronic psychosocial factors measured as continuous variables (e.g. anxiety and depression). High and low risk population studies are required to identify which are the most important psychosocial factors. Existing studies have tended to make many measurementsrisking spurious inferences from multiple comparisons -as well as neglecting certain factors e.g. socioeconomic status, social supports and psychosocial work characteristics, which may be causally related to coronary heart disease. Further development of appropriate outcome measures indicating arrhythmic activity and threshold and suitable for use in population studies is required. Studies investigating the extent to which social influences on arrhythmic risk can be mitigated by different drug classes are important in identifying the relative importance of different pathways (for example vagal vs sympathetic) as well as potentially offering solutions. Sudden cardiac death is a public health problem yet few agencies have the ability to monitor its occurrence routinely. This should be redressed.
